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Abstract: This article is part of the concerns generated by the need to increase the consumption
of renewable energy, so that in the European Union (EU) countries, its share in the final energy
consumption, to reach 32% by 2030, increases. In the context in which, in the specialized literature,
the analysis of renewable energy consumption by activity sectors is approached very little, such
an analysis has high utility. The variables of interest are the share of renewable energy in the final
energy consumption, and the share of renewable energy sources in the final energy consumption
in transport, electricity, and heating and cooling. The study performs a comparative analysis of the
evolution of these indicators for the period 2004–2019 for Romania and the EU, an empirical estimate
of the evolution of indicators using time regression and autoregressive models, a forecast of the
share of renewable energy consumption in the final energy consumption and by the main sectors
(transport, electricity, and heating and cooling) for the 2030 horizon, providing appropriate scenarios
for achieving the EU established goals, as well as an analysis of the interdependence between the
indicators. Through the results obtained, the paper can contribute to improving the framework for
the sustainable development of energy consumption.

Keywords: renewable energy consumption; electricity; heating and cooling; transport; autoregressive
models; time regression; forecasting; European Union; Romania

1. Introduction

One of the objectives set by the 2009 Renewable Energy Directive [1] was to achieve
20% renewable energy in the final energy consumption by 2020, for the European Union
(EU) and at the level of each member state. The share of renewable energy in the final
energy consumption in the EU increased from 12.6% in 2009 to 18% in 2018, approaching
the set target. The situation is very different for the EU member states; some have exceeded
the target (Sweden, Finland, Denmark, Estonia, etc.), but others are still far from reaching
the target (France, Germany, Spain, the Netherlands, etc.) [2]. In these conditions, in
December 2018, the EU presented a new directive on renewable energy [3], setting a goal
to reach a share of 32% of renewable energy consumption in the final energy consumption
by 2030.

At the same time, Europe aims to become a climate-neutral continent by 2050 [4], by
achieving a sustainable green transition. In this respect, the EU considers that renewable
energy sources can play a very important role, and sets a target that by 2050, at least 80%
of its energy will come from renewable sources [5].

“Energy from renewable sources” or “renewable energy” are defined as “energy
from non-fossil renewable energy sources, namely wind, solar and geothermal energy,
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environmental energy, tides, waves and other ocean energy, hydropower, biomass, gas for
landfills, wastewater treatment plants and biogas” [3].

Renewable energy is energy that is collected from renewable resources that are natu-
rally replenished. Thus, the widespread use of renewable energy resources would lead,
in addition to reducing pollution, due to the energy from fossil sources, to an increase
in energy security. Renewable energy is the fourth largest source of energy, after nuclear
energy, oil products, and gas [6]. This motivated the analysis of renewable energy from
political, technical, economic, and social perspectives [7], to identify the opportunities and
challenges posed by the increase in renewable energy consumption [8].

Energy consumption is the premise of economic development, and it can accelerate
climate change. Thus, more and more countries are considering sustainable economic
development and long-term environmental conservation, which requires the widespread
use of energy from renewable sources [9–15]. At the same time, an increase in renewable en-
ergy production, alongside a reduction in energy consumption, are vital for the sustainable
development of any state [16,17].

Due to the importance of renewable sources, several studies have investigated the
main factors that can lead to the increased use of renewable energy [18–25], and may
have implications on the energy policies. In this way, the EU member states governments
have some of the following instruments at their disposal, to promote the use of renewable
energy: orienting public policy to support the energy transition and the implementation of
renewable energy [26–28]; increasing the prices of fossil fuels; and lowering the price of
energy from renewable sources [29,30]. Thus, many studies emphasize the importance of
achieving an appropriate energy policy that is in favor of renewable energy sources [31,32].

The effects of the COVID-19 pandemic were also experienced by energy consumption,
amid a decrease in it. However, there is an increase in renewable energy consumption, so,
at this time, the decisions of policy makers, in connection with the further development of
renewable energy, are very important.

At the same time, there is an increase in renewable energy consumption, so, at this
moment, the decisions of political factors are very important, in connection with the further
development of renewable energy consumption [33,34].

Although renewable energy plays a vital role in achieving environmental sustainabil-
ity, increasing its consumption varies from country to country, depending on the share
of renewable energy sources in the energy mix [35,36]. Various studies show that less-
developed countries, and those that joined the EU later, have been more open to switching
to renewable energy consumption than developed countries [37–40].

The total share of energy from renewable sources in the final energy consumption
includes the contribution of the renewable energy of each sector to the final energy con-
sumption, namely, the electricity sector, the heating–cooling sector, and the transport sector.
Given the heterogeneous behavior of these sectors in the final energy consumption, the
analysis of the share of energy from renewable sources in the final energy consumption
requires the analysis of the contribution of the renewable energy of each sector.

Globally, most renewable energy sources are consumed in the residential, commercial,
and public services sectors. The electricity and heat sector account for 40.5% of the global
renewable energy consumption, while 39.6% is used in the residential, commercial, and
public sectors [41].

The analysis of renewable energy consumption by activity sectors is rarely addressed
in the literature; therefore, the objectives of this paper are to review the validation frame-
work of the results of increasing the share of renewable energy consumption in the final
energy consumption, totally and by components, as well as to identify the trend of this
share in the short and long term, and to observe the degree of involvement of the renewable
energy consumption of each sector in the final energy consumption. Thus, this research
aimed at achieving the following four objectives:

• Statistical analysis of the evolution of the indicators for the period 2004–2019, including
a comparison between the EU and RO;
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• Analysis of the evolution of indicators through polynomial regression over time, and
autoregressive models;

• Forecast of the trend of indicators for the period 2020–2030;
• Analysis of the interdependence between indicators through a multilinear

regression model.

To achieve these objectives, we collected data related to the period 2004–2019, regard-
ing the following indicators: the share of renewable energy in the final energy consumption
(RE), the share of renewable energy sources in the final energy consumption in transport
(RE_T), the share of renewable energy sources in the final energy consumption in electricity
(RE_E), and the share of renewable energy sources in the final energy consumption in
heating and cooling (RE_H&C).

In order to estimate the evolution and the forecast of the trend of the indicators, we
formulated the following two working hypotheses:

Hypothesis 1 (H1). The possibility to achieve the targets for the share of renewable energy
consumption in the final energy consumption and by sectors by 2030, for the EU and RO;

Hypothesis 2 (H2). The share of renewable energy consumption in each sector has an equal
contribution in the share of renewable energy consumption in the total energy consumption.

The outline of the paper is as follows: Section 2 presents a literature review regarding
the share of renewable energy consumption in the final energy consumption; Section 3
describes the models and methodology used; Section 4 presents the statistical analysis of
the data and the evolution of these indicators; Section 5 contains the empirical estimations
of the evolution, using polynomial time regression and autoregressive models for each
indicator, then the estimated models are used to predict the short-term evolution of the
variables, giving an answer to hypothesis H1, and achieving objectives two and three; in
Section 6, the interdependence between the indicators is analyzed by means of a multilinear
regression model, giving an answer to hypothesis H2 and achieving the last objective;
Section 7 is reserved for the discussions, and summarizes the main conclusions.

The models used are statistically validated and their estimates provide possible sce-
narios for the evolution of the analyzed indicators, and they are suitable for reaching the
targets set by the European Directives for the 2030 horizon.

Through the obtained results, this study may constitute premises for other researchers
to conduct subsequent research in this area.

2. Literature Review Regarding the Renewable Energy Consumption Share in Final
Energy Consumption

Renewable energy consumption in the EU member states has been analyzed by several
authors, who, either considering the factors that can stimulate this consumption or the
impact that it has on sustainable development, found that some countries have achieved
relevant results, but others must be supported further [42–44]. The year 2020 marked an
important milestone for sustainability, as, for the first time, Europe produced more energy
from renewable sources than fossil fuels, while 38% of EU electricity consumption came
from renewable energy sources [45].

Heating and cooling play a key role in achieving the EU’s goal of moving towards a
clean and carbon-neutral economy by 2050, given that it accounts for half of the EU’s energy
consumption. The electrification of transport, as well as heating, can lead to significant
emission reductions, and more-flexible management of electricity demand. This can lead
to increased penetration of renewable energy sources in these sectors [46]. In this regard, in
recent years, renewable energy has begun to become more competitive in the fields of heat
and electricity. Thus, in France, there has been a significant increase in renewable energy
consumption in the transport and heating sectors, since 2012 [6].
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2.1. Heating and Cooling Sector (H&C)

In the energy consumption for the heating and cooling sector (H&C), the highest share
is represented by heating and hot water (79%), with the cooling having a rather small share.
According to the Eurostat statistics in 2019, about 75% of heating and cooling was still
generated from fossil fuels, while only 22% was generated from renewable energy [47].
Thus, to achieve the targets set by the European Commission for 2030, according to which
the share of renewable energy consumption in H&C in total heating and cooling energy
consumption must reach 32%, member states are required to strive for an average annual
increase of 1.3% between 2021 and 2030, for renewable energy in the H&C sector [3].

The consumption of renewable energy for heating and cooling has been insignificant
for a long time in most EU member states. The increase in the share of renewable energy
consumption in the final energy consumption in this sector has been quite slow compared
to the electricity sector. However, the use of energy from renewable sources for heating and
cooling demonstrates several economic benefits [48]. Thus, renewable energy consumption
in the H&C sector is expected to reach a share of almost 30% of the total heat consumption
by 2020, and to cover more than half of the EU’s heat demand by 2030 [49].

Many studies have carried out a comparative assessment of the sustainability of the
heating sector at the national level, in some countries [50], highlighting the important con-
tribution of energy consumption from renewable sources, to achieve the EU objectives [51].
At the same time, some authors consider that buildings contribute, with over 30% of the
global final energy consumption, which implies the necessity for the rapid penetration of
renewable energy technologies in this sector [52–55].

2.2. Electricity Sector

The EU’s long-term vision by 2050 implies a sustained increase in the electrification
process, which would lead to an increase in the share of electricity in the final energy
consumption, from 20% in 2018 to 53% by 2050 [5].

Currently, electricity around the world is increasingly generated from renewable
sources. Globally, about a quarter of electricity comes from renewable sources. Due to
the decline in economic activity and the general decline in energy demand in the EU
during the COVID-19 pandemic lockdown, renewable energy production took over the
lead as an energy source, to the detriment of coal. Thus, a faster transformation of the EU
energy system is expected in the next decade, to reach the target of increasing the share
of renewable energy consumption to 32% in the final energy consumption, by 2030. This
implies reaching a share of 50% of renewable electricity consumption in the final electricity
consumption [56].

Renewable energy that is used in electricity has, so far, been the most resistant energy
source; it was not affected by the lockdown measures imposed by the COVID-19 pandemic.
At the same time, the COVID-19 crisis is influencing states to make the transition to
clean energy. The COVID-19 crisis has led to new records being set for the integration of
renewable energy into the electricity grid in the major energy-consuming countries (Italy,
Germany, and Spain). Renewable energy sources are now becoming the main source of
electricity production in the EU [57].

2.3. Transport Sector

Transport plays a vital role in the world economy, facilitating human movement and
global trade. Although it accounts for a third of the global energy demand, it is the sector
with the lowest level of renewable energy use, but with the greatest potential. The EU has
been promoting the use of renewable energy (including electricity) in the transport sector
since 2009 [1], requiring that both the EU and all the member states reach a 10% share of
renewable energy consumption in the final energy consumption by 2020.
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The EU RED II Directive [58] maintains and even sets higher national targets (14%) for
renewable energy consumption in transport for 2030 (at the request of the member states).

Several studies have been carried out to assess the possible future development of
clean energy consumption in the transport sector, in order to achieve a climate-neutral
Europe by 2050 [59].

In 2017, the majority of energy consumption in the transport sector came from fossil
fuels, oil products accounted for 94% of the total energy consumed in this sector, and
the share of renewable electricity consumption in the transport sector in the EU was
33% [60]. Thus, to achieve the goal for 2030, of using renewable energy in transport,
the European Union relies heavily on electrification and on targeting the population, in
particular, towards the use of electric vehicles. By 2019, the electrification of transport has
advanced at a fairly slow pace in the EU (implementation of approximately 1.3 million
electric vehicles in 2018) [61].

The study of scenarios of various fuel combinations for transport has led to the
conclusion that the use of a large proportion of renewable sources (40%) will be able to
ensure the achievement of the targets set by the EU for 2030 [62].

An important aspect in the European Union is currently the increase in electricity
consumption in the transport sector, through the penetration of electric vehicles [63].

Europe needs to move towards a 100% renewable transport system, for climate, energy,
and sustainability reasons [64], so estimates have been made of the capital and energy
needed to build and operate a renewable transport system that provides similar services to
the existing transport system [65].

2.4. Renewable Energy Consumption in Romania

According to the Paris Agreement on climate change, the European Union is commit-
ted to provide clean energy throughout the EU. In order to meet this commitment, one of
the targets set for energy and climate in 2030 is to increase the share of renewable energy
consumption to 32% in the final energy consumption. To ensure that this objective is met,
each member state has set its own national objectives and contributions, based on the
European Commission’s recommendations. Romania ranks the 10th in Europe in green
energy consumption, with a share of renewable energy consumption in the final energy
consumption of 23.8% in 2018, above the 20% target set by the EU for 2020 [2].

According to the new regulations set by the EU, Romania’s objective regarding the
share of renewable energy consumption in the final energy consumption is for it to reach
30.7% by 2030 [66], below the recommended level of 34% by the governance regulation [67].

Concerning the share of energy consumption from renewable sources by sectors, by
2030, the largest share should reach the electricity sector, of almost 50% (49.4%), followed
by the H&C sector, with a share of 33%, and for the transport sector, the European target of
14.2% for the final transport energy consumption has been set (Figure 1).

Exploring the existing literature, we found that the analysis of renewable energy
consumption by sectors of activity is quite little addressed, therefore, such an analysis is
welcome. At the same time, the degree of involvement of renewable energy consumption
in each sector in the final energy consumption in the European Union is not addressed,
thus this study can improve the literature.
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Figure 1. Forecast of the share of renewable energy consumption in total consumption by sectors
(processing by [67]).

3. Data, Models and Methodology

The macroeconomic indicators used for the analyzes performed in this study are
as follows:

• Share of renewable energy in final energy consumption (RE);
• Share of renewable energy sources in the final energy consumption in transport (RE_T);
• Share of renewable energy sources in the final energy consumption in electricity

(RE_E);
• Share of renewable energy sources in the final energy consumption in heating and

cooling (RE_H&C).

All the indicators are expressed as a percentage (%), and they measure the share of
renewable energy consumption in the final energy consumption and three sectors of final
energy consumption. The values of these indicators, for the EU-27 and Romania, were
taken from the Eurostat database [68]. As data were only available for the period 2004–2019,
the study was carried out for this period.

In the empirical estimations, we used the notations RE_EU and RE_RO to differentiate
between the shares of renewable energy in the final energy consumption for the EU and
Romania, respectively.

The study is structured in three parts. First, for each of the indicators, we performed
a statistical analysis of the evolution over the period 2004–2009. Second, we empirically
estimated the evolution of each indicator by means of polynomial time regression and
autoregressive models. Next, the estimated models were used to forecast the short-time
evolution of the variables. The third part of the study aimed to emphasize a long-term
relationship between the indicators, by means of a multilinear regression model.

The statistical analysis performed in Section 4 relies on the usual statistical instru-
ments.

For the first part of the empiric analysis in Section 5, we used the following linear time
regression model:

yt = a0 + a1t + ut, t = 1, . . . , n, (1)

and the following quadratic model:

yt = b0 + b1t + b2t2 + ut, t = 1, . . . , n, (2)
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where t is the discrete time, yt is the response variable at the time t, ai and bj are the
regression coefficients that need to be estimated, and ut is the error term. While the linear
model (1) only provides a general trend for the data, either decreasing, increasing, or
stationary, the quadratic model (2) also gives information on the evolution of the variation
in the variable.

If âi and b̂j are the estimated parameters, the predicted value of the variable is ŷt =

â0 + â1t, or ŷt = b̂0 + b̂1t + b̂2t2, respectively, and the difference ut = yt − ŷt is the residual
value at time t.

The least squares method (LSM) was used to find the regression parameters, that is,
the values of the coefficients for which the sum of squared errors SSE = ∑ n

t=1(yt − ŷt)
2 has

a minimum value. The quality of the estimation can be assessed by analyzing the several
functions that depend on the estimation errors, such as the coefficient of determination R2,
the Akaike information criterion (AIC), or the Schwartz criterion.

The autoregressive models used the expression of the interest variable yt as a function
of the previous terms yt−1, yt−2, . . .. As the time series contained a small amount of data,
we only used the first- and second-order autoregressive models, namely, the following:

yt = c0 + c1yt−1 + ut, t = 1, . . . , n− 1 (3)

and the following:

yt = d0 + d1yt−1 + d2yt−2 + ut, t = 1, . . . , n− 2. (4)

If ĉi and d̂j are the estimated parameters, the predicted values of the variable, using
model (3), are satisfiable.

ŷt = ĉ0 + ĉ1ŷt−1, (5)

Equation (5) generates a discrete dynamical system of order 1, with the fixed point
ŷ∗ = ĉ0

1−ĉ1
, if ĉ1 6= 1. The fixed point is stable if the absolute value of the root ĉ0

ĉ1
of the

characteristic equation is smaller than 1, i.e.,
∣∣∣ ĉ0

ĉ1

∣∣∣ < 1. In this case, the model is also called
stationary.

The predicted values of the variable, using model (4), satisfy the following:

ŷt = d̂0 + d̂1ŷt−1 + d̂2ŷt−1 , (6)

which generates a discrete dynamical system of order 2. The fixed point ŷ∗ = d̂0
1−d̂1−d̂2

, if

d̂1 + d̂2 6= 1, is stable if the roots of the characteristic equation x2 − d̂1x− d̂2 = 0 lie inside
the unit circle.

The validation of the models was realized by tests on the estimated parameters and
on the residuals (Durbin–Watson test, White test, and Jarque–Bera test).

Using the estimations of the four proposed models, we performed short-time fore-
casting for the considered indicators, for both the EU data and for the Romania data, and
compared them to the values established in the EU Directive [3].

The third component of the study, in Section 6, aims to establish, using statistic
methods, the interdependence between these indicators. Motivated by the fact that RE_T,
RE_E, and RE_H&C are components in the final energy consumption structure, we set out
to analyze the following multilinear regression model:

REt = c0 + c1RETt + c2REEt + c3REHCt + ut, t = 1, . . . , n, (7)

Here, t refers to the time, while ut represents the estimation error.
The empirical analysis of this model consisted of the following steps: (i) validation of

the model; (ii) estimation of the parameters; and (iii) interpretation of the results. Model
reliability analysis involved firstly testing the stationarity and the order of integration of
the variables, by means of unit root tests (such as augmented Dickey–Fuller [69]), then
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testing the existence of a co-integration relationship between the variables, by means of
the Johansen maximum likelihood method [70,71]. The cointegration equation was finally
validated using the White test for heteroskedasticity [72].

In addition, the Granger causality test was used to find unidirectional or bidirectional
causalities between the four variables.

The parameter estimates for the regression in Equation (5) were evaluated using
LSM [73].

All the models were estimated and processed using econometric, data processing, and
analysis software, EViews 12.

4. Statistical Analysis of the Evolution of the Indicators

Comparing the evolution of the indicators in the analyzed period, at the EU-27 and
Romania levels, both globally (RE) and for the three analyzed sectors (RE_T, RE_E, and
RE_H&C), it is found that the share of renewable energy consumption in the final energy
consumption at the Romania level is higher than that at the EU-27 level (except for the
transport sector) (Figure 2).

Figure 2. The evolution of the indicators in the period 2004–2019.

At the EU-27 level, the evolution of the share of renewable energy consumption in the
final energy consumption shows a permanent increase, both globally and in each sector.
In 2019, RE_EU reached a value of more than double compared to 2004, achieving an
increase of 104.8% (Table 1). Thus, with a share of 19.7% in 2019, the EU is approaching the
achievement of the 2020 target (reaching a share of renewable energy consumption in the
final energy consumption of 20%).

The analysis of the evolution of the share of energy consumption from renewable
sources in the final energy consumption in Romania (Figure 2) shows that it has reached
the target that has been set by the EU since 2008, achieving a share of renewable energy
consumption of 20.8% in the final energy consumption (due to the government encour-
agement of renewable energy production in the electricity sector). After 2008, there has
been an evolution that has marked alternative periods of increases and decreases. The
highest value of the share was recorded in 2016 (25.3%). In Romania, the trend of the global
share of renewable energy consumption in the final energy consumption in recent years
has been the opposite of that of the EU-27; the share of energy from renewable sources in
the final energy consumption has been steadily declining in recent years, decreasing from
25.3% in 2016 to 24.5% in 2017, reaching 23.9% in 2018, and having a slight recovery in
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2019, reaching 24.3%. Despite all these variations, in 2019, it was above the EU-27 average,
with over 4.5%.

Table 1. Analysis of the annual growth rate of the indicators analyzed in the period 2004–2019.

Annual Growth Rate (%)

European Union Romania

RE RE_E RE_H&C RE_T RE RE_E RE_H&C RE_T

2005 6.26 3.35 6.11 30.85 4.52 1.22 3.41 2.91
2006 5.88 2.92 6.12 33.84 −2.70 −2.51 −1.93 −17.84
2007 9.50 4.56 12.18 24.37 6.43 0.19 10.71 6.70
2008 5.82 5.07 3.45 21.92 11.04 −0.12 19.02 −18.04
2009 10.35 11.48 9.55 18.37 9.67 10.04 14.10 −3.57
2010 4.06 3.02 1.36 12.45 3.06 −1.67 3.00 5.32
2011 0.90 9.52 2.50 −26.11 −7.22 2.48 −10.73 108.86
2012 10.12 7.85 6.74 41.91 7.74 7.83 5.92 73.92
2013 4.20 6.75 2.49 5.27 4.65 11.77 1.75 9.73
2014 4.59 6.80 4.76 8.02 4.02 11.10 2.08 −14.14
2015 2.17 3.42 1.79 3.00 −0.24 3.56 −3.19 17.39
2016 1.05 1.69 0.82 6.20 1.00 −1.04 3.78 12.41
2017 2.43 3.08 2.11 4.27 −2.31 −1.75 −1.06 6.31
2018 2.39 3.52 1.10 11.03 −2.37 −0.41 −4.32 −3.29
2019 4.34 5.96 4.34 7.18 1.74 −0.20 1.20 23.72

Growth rate
2019/2004 104.81 114.92 88.40 472.04 44.49 46.72 48.46 331.34

Regarding the share of the consumption of renewable energy in the final energy
consumption, by sectors, the trend is increasing in all the sectors, both at the EU-27 level
and in Romania, but it varies significantly by sector (Table 1). It is noted that the highest
increases in the EU are recorded in the transport sector (472%) and electricity sector (114.9%).
In 2019, Romania registered a share of renewable energy consumption, by sectors, that
was above the share from the EU level for the electricity and H&C sectors, but below the
EU-27 level for the transport sector. In the transport sector, in 2004, Romania registered a
higher share compared to the EU-27 level (16.90%), but in 2019, it was below the EU-27
level (decreased by 11.85%).

In the EU-27 in 2019, renewable sources provided over 34% (34.2%) of electricity
consumption, and for energy consumption in the transport sector, less than 9% (8.9%),
being relatively close to the EU 2020 target (10% for the share of renewable energy used in
transport from the total consumption related to this sector). Renewable energy accounted
for 22.1% of the final energy consumption for heating and cooling, rising from 11.7% in
2004 (an increase of 88.4%).

In Romania, in 2019, the share of renewable energy in the final energy consumption in
the electricity sector was 41.7% above the EU-27 share, with 7.5 percentage points, while
in the H&C sector, it was 25.7% above the EU-27 share, with 3.6 percentage points. In the
transport sector, the share of renewable energy consumption in the total consumption of
this sector was only 7.85% below the EU-27 average, by 1%.

Remark that the share of renewable energy in the final energy consumption at the
sector level has generally been above the indicative trajectories for achieving the 2020
targets. The sector share in electricity (RE_E), and heating and cooling (RE_H&C) has been
systematically above the EU targets.

During the period under review, the EU experienced a positive growth rate in the
share of renewable energy consumption in the final energy consumption, even after the
financial crisis in 2008–2009. However, Romania had a sinuous evolution of the annual
growth rate, with significant increases and decreases, registering negative values in 2006,
2011, 2015, 2017, and 2018 (Table 1 and Figure 3).
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Figure 3. Evolution of the growth rate of the share of renewable energy consumption in final energy
consumption.

The highest growth rate of RE at the EU-27 level was found in 2009 and 2012 (over
10%), and the lowest was in 2011, below 1% (Table 1). Romania has had a winding evolution
of the annual growth rate, with significant increases and decreases. Romania recorded the
highest growth rate, after it acceded to the EU in 2008 (over 11%), when the conditions
imposed by the EU, on increasing the share of renewable energy consumption in the total
volume of consumption, were experienced (Table 1).

The share of the consumption of electricity from renewable sources in the final energy
consumption at the EU-27 level registers an annual increase over the entire analyzed time
period, so that the indicator had an increase of more than double in 2019, compared to
2004. The growth rate of the share of renewable energy in the final energy consumption
in the electricity sector at the EU-27 level had positive values, with the highest increase
being recorded in 2009 (11.5%), and the lowest in 2016 (1.69%). At the Romania level, the
indicator registers an increased rate of 46.72% in 2019, compared to 2004, but it can be
observed that there are years in which there are decreasing fluctuations compared to the
previous year (2006, 2008, 2010, and starting with 2016 it registered negative values each
year) (Figure 4).

Regarding the share of renewable energy consumption in the final energy consumption
of the H&C sector, the EU-27 only registers positive growth rates in the analyzed period,
with an increase of 88% in 2019, compared to 2004. In the same period, Romania records
both positive and negative values, and quite large variations in this indicator. The indicator
registers a growth rate of 48.5% in 2019, compared to 2004, which is below that of the
EU-27 (88.4%), and it can be observed that there are years in which there were decreasing
fluctuations compared to the previous year (2006, 2011, 2015, 2017, 2018) (Figure 5).
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Figure 4. Evolution of the growth rate of the share of renewable energy consumption in final energy
consumption in the electricity sector.

Figure 5. Evolution of the growth rate of the share of renewable energy consumption in final energy
consumption in the RE_H&C sector.

The largest variations in the annual growth rate are registered by the transport sector,
both in the EU-27 and in Romania (Figure 6). The EU-27 registered the lowest growth rate in
2011 (–26.1%), while, in the same year, Romania registered a doubling of the consumption
in this sector (108.9%).

The descriptive statistical analysis of the indicators (Table 2) highlights the fact that
the highest average of the analyzed indicators is registered in the electricity sector (RE_E),
while the lowest average is found in the transport sector (RE_T), both for RO and for
the EU-27. Close average values are recorded for RE and RE_H&C, both in RO (21.9,
respectively, 23.9), but also in the EU-27 (15.1, respectively, 17.6).
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Figure 6. Evolution of the growth rate of the share of renewable energy consumption in final energy
consumption in the transport sector.

Table 2. Statistical analysis of indicators.

Indicators Mean Median Max. Min. Std. Dev. Skewness Kurtosis Jarque–Bera Prob.

RE_EU 15.07 15.288 19.729 9.633 3.299 −0.264 1.733 1.257 0.534
RE_RO 21.88 22.83 25.032 16.811 2.983 −0.631 1.865 1.920 0.383

RE_T_EU 5.33 5.634 8.901 1.556 2.203 −0.163 2.011 0.723 0.697
RE_T_RO 3.83 3.764 7.846 1.297 2.313 0.222 1.494 1.644 0.440
RE_E_EU 24.28 24.238 34.102 15.867 6.234 0.049 1.551 1.406 0.495
RE_E_RO 34.87 32.349 43.161 28.054 6.31 0.206 1.258 2.135 0.344

RE_H&C_EU 17.60 18.032 22.097 11.729 3.302 −0.419 1.925 1.238 0.538
RE_H&C_RO 23.91 25.742 27.227 17.337 3.641 −0.979 2.255 2.926 0.232

The maximum and minimum values are registered by Romania, with the maximum
value being at RE_E (43.2), and the minimum value being at RE_T (1.3).

The indicators RE_RO, RE_E_RO, RE_H&C_RO, and RE_H&C_EU show a relatively
homogeneous dispersion, while RE_EU and RE_E_EU have a relatively heterogeneous
dispersion, and in the case of RE_T, both in the EU-27 and in Romania, the dispersion is
heterogeneous, but with an average representative for the eight indicators analyzed.

From the point of view of the effect of asymmetry on the average of the indicators,
RE_E_EU presents a symmetrical distribution; RE_EU, RE_RO, RE_T_EU, RE_H&C_EU,
and RE_H&C_RO show a slight negative asymmetry, due to the mean values below the
median; and RE_T_RO and RE_E_RO register a slight positive asymmetry, where the mean
values are above the medians. The shape of the distribution is platykurtic, respectively,
which is a flatter distribution than the normal one, with a wider shape, because the values
tend to be more dispersed, for all the indicators analyzed at the EU-27 and RO levels, but
RE_T_EU and RE_H&C_RO are closer to a normal distribution.

5. Empirical Estimations and Forecasting

In this section, we aim to given answer to hypothesis H1. We estimate the regression
models (1) to (4) for each economic indicator and use the results to forecast the short-term
evolution.
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5.1. Empirical Estimation Using Time Regression and Autoregressive Models

The results of the estimations of Equations (1)–(4), using the share of renewable energy
in the final energy consumption for the European Union (RE_EU) and Romania (RE_RO)
as a dependent variable, are given in Table 3.

Table 3. Estimations of Equations (1)–(4) for renewable energy share in final energy consumption for
EU and RO data.

RE_EU Data RE_RO Data

Model Variable Coefficient Std.Err. Prob. Variable Coefficient Std.Err. Prob.

Equation
(1)

C 9.235 0.243 0 C 17.042 0.678 0
t 0.687 0.025 0 t 0.569 0.070 0

Equation
(2)

C 8.313 0.252 0 C 14.522 0.730 0
t 0.994 0.068 0 t 1.409 0.198 0
t2 −0.018 0.004 0 t2 −0.049 0.011 0.001

Equation
(3)

C 1.217 0.467 0.022 C 3.580 1.895 0.081
RE_EU (−1) 0.963 0.031 0 RE_RO (−1) 0.858 0.086 0

Equation
(4)

C 1.687 0.645 0.024 C 3.991 2.322 0.114
RE_EU (−1) 0.724 0.296 0.032 RE_RO (−1) 0.941 0.297 0.009
RE_EU (−2) 0.218 0.284 0.457 RE_RO (−2) −0.102 0.270 0.713

Note that the estimated coefficients, for the linear and quadratic time models, given
in Table 3, are statistically significant at a 1% significance level, as the probability for the
estimated coefficients is zero, so the hypothesis that they are equal to zero is rejected. For
model (3), the estimated coefficients are statistically significant at a 5% (for EU) and a 10%
(for RO) significance level, while for model (4), only some of the coefficients are statistically
significant.

In Figure 7, we plotted the data and the estimated regression line and parabola.

Figure 7. Estimation of renewable energy consumption share in final energy consumption by the
linear and quadratic regression method, for EU and Romania data.

The linear estimations show an increasing trend for both the EU and Romania data,
with the annual growth rate being 17% bigger for the EU data. The quadratic estimations
show a non-convex trend, with the turning point located at about 2030 for the EU data, and
at 2017 for the Romania data. This means that RE_EU should continue to increase, yet at a
decreasing annual rate, while for RE_RO, this estimation shows a plateau, followed by a
slight decreasing slope.
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The estimation of the autoregressive Equation (3) has the roots 0.963 < 1 and 0.858 < 1,
respectively, showing stationarity towards the values RE_EU = 32.86 and RE_RO = 25.20,
respectively.

For the second-order autoregressive model (4), the roots of the characteristic equation
are 0.952 and −0.228 for the RE_EU data, and 0.814 and 0.125 for the RO_EU data, and
all of them are situated inside the unit cycle. Hence, both the dynamical equations evolve
towards stationary points, namely, RE_EU = 29.08 and RE_RO = 24.63, respectively.

Using the share of renewable energy in the final energy consumption in the electric-
ity sector for the European Union (RE_E_EU) and Romania (RE_E_RO) as a dependent
variable, the results of the estimations of Equations (1)–(4) are listed in Table 4.

Table 4. Estimations of Equations (1)–(4) for renewable energy share in electricity for EU and RO data.

RE_E_EU Data RE_E_RO Data

Model Variable Coefficient Std.Err. Prob. Variable Coefficient Std.Err. Prob.

Equation
(1)

C 13.231 0.405 0 C 24.418 1.277 0
t 1.300 0.042 0 t 1.230 0.132 0

Equation
(2)

C 13.644 0.669 0 C 25.468 2.128 0
t 1.162 0.181 0 t 0.880 0.576 0.151
t2 0.008 0.010 0.449 t2 0.021 0.033 0.543

Equation
(3)

C 0.672 0.691 0.348 C 1.953 2.586 0.464
RE_E_EU (−1) 1.023 0.028 0 RE_E_RO (−1) 0.969 0.074 0

Equation
(4)

C 0.838 0.806 0.321 C 2.902 2.471 0.265
RE_E_EU (−1) 1.194 0.297 0.002 RE_E_RO (−1) 1.484 0.253 0.000
RE_E_EU (−2) −0.185 0.302 0.552 RE_E_RO (−2) −0.556 0.258 0.054

In these cases, the estimated coefficients for the linear time models are statistically
significant at a 1% significance level, while for the quadratic model, the coefficients of the
term t2 are not statistically significant, that is, the hypothesis that they are equal to zero
cannot be rejected. For models (3) and (4), only the coefficient of the yt−1 term is statistically
significant at a 1% significance level.

In Figure A1, the estimated regression line and parabola for RE_E are plotted. Remark
that the share of renewable energy consumption in electricity for Romania is above that in
the EU. Both the linear and quadratic estimations show an increasing trend for both the
EU and Romania data, with an annual growth rate of 1.3 for the EU data, and of 1.23 for
Romania data, respectively. The quadratic estimations show a convex increasing trend.

The estimation of the autoregressive Equation (3) has the roots −1.023 > −1 and
0.968 < 1, respectively, only showing stationarity for the Romania data, towards the value
RE_E_RO = 61.

For the second-order autoregressive model (4), the roots of the characteristic equation
are 1.009 and 0.183 for the RE_E_EU data, meaning that the process is not stationary. For
the RE_E_RO data, we obtain complex roots, situated inside the unit cycle. Hence, this
process evolves towards the stationary point RE_E_RO = 40.29.

Next, the results of the estimations of Equations (1)–(4), using the share of renewable
energy in the final energy consumption in the transport sector for the European Union
(RE_T_EU) and Romania (RE_T_RO) as a dependent variable, are reported in Table 5.

In these cases, the estimated coefficients for the linear time models are statistically
significant at a 1% significance level, while for the quadratic model, only some of the
coefficients are statistically significant. For models (3) and (4), only the coefficient of the
yt−1 term is statistically significant at a 10%and a 1% significance level, respectively.

In Figure A2, the estimated regression line and parabola for the variable RE_T are
plotted. Both the linear and quadratic estimations show an increasing trend for both the
EU and Romania data. The annual growth rates for the linear estimation are almost the
same, as 0.453 and 0.448. The quadratic estimation shows a convex increasing pattern,
with an accentuated growth after 2007, which was the year when Romania became an EU
member. Although RE_T_RO represented 116% of RE_T_EU in 2014, in 2019, it represented
only 88%.
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Table 5. Estimations of Equations (1)–(4) for renewable energy share in transport for EU and RO data.

RE_T_EU Data RE_T_RO Data

Model Variable Coeff. Std.Err. Prob. Variable Coeff. Std.Err. Prob.

Equation
(1)

C 1.480 0.242 0 C 0.017 0.485 0.973
t 0.453 0.025 0 t 0.448 0.050 0

Equation
(2)

C 1.198 0.398 0.010 C 1.189 0.709 0.118
t 0.547 0.108 0.000 t 0.058 0.192 0.769
t2 −0.006 0.006 0.385 t2 0.023 0.011 0.057

Equation
(3)

C 0.804 0.460 0.105 C 0.287 0.426 0.512
RE_T_EU (−1) 0.938 0.084 0 RE_T_RO (−1) 1.032 0.104 0

Equation
(4)

C 1.048 0.527 0.072 C 0.356 0.477 0.471
RE_T_EU (−1) 0.495 0.271 0.095 RE_T_RO (−1) 1.220 0.318 0.003
RE_T_EU (−2) 0.440 0.264 0.123 RE_T_RO (−2) −0.220 0.332 0.521

The estimation of the autoregressive Equation (3) has the roots 0.938 < 1 and 1.032 > 1,
respectively, only showing stationarity for the EU data, towards the value RE_T_EU = 13.02.

For the second-order autoregressive model (4), the roots of the characteristic equation
are 0.955 and−0.460 for the RE_T_EU data, meaning that the process is stationary, evolving
towards the fixed point RE_T_EU = 16.10. For the RE_T_RO data, we obtain the roots 0.999
and 0.220, situated inside the unit cycle. As one of the roots is close to one, the convergence
is very slow.

Finally, using the share of renewable energy in the final energy consumption in
the heating and cooling sector for the European Union (RE_H&C_EU) and Romania
(RE_H&C_RO) as a dependent variable, the empirical estimations of Equations (1)–(4) led
to the results reported in Table 6.

Table 6. Estimations of Equations (1)–(4) for renewable energy share in heating and cooling for EU
and RO data.

RE_H&C_EU Data RE_H&C_RO Data

Model Variable Coeff. Std.Err. Prob. Variable Coeff. Std.Err. Prob.

Equation
(1)

C 11.797 0.320 0 C 18.813 1.225 0
t 0.682 0.033 0 t 0.600 0.127 0

Equation
(2)

C 10.421 0.243 0 C 14.030 1.213 0
t 1.141 0.066 0 t 2.195 0.328 0
t2 −0.027 0.004 0 t2 −0.094 0.019 0

Equation
(3)

C 1.785 0.613 0.012 C 5.504 2.622 0.056
RE_H&C_EU (−1) 0.937 0.035 0 RE_H&C_RO (−1) 0.792 0.109 0

Equation
(4)

C 3.004 0.797 0.003 C 6.869 3.063 0.047
RE_H&C_EU (−1) 0.410 0.269 0.156 RE_H&C_RO (−1) 0.958 0.279 0.006
RE_H&C_EU (−2) 0.477 0.250 0.083 RE_H&C_RO (−2) −0.224 0.247 0.384

In these cases, the estimated coefficients for the first three models are statistically
significant at a 1% significance level, for the RE_H&C_EU data, while for the Romania data,
only the first two models satisfy this property, while the third has a level of significance
of 5%.

In Figure A3, the estimated regression line and parabola for the RE_H&C variable
are plotted. The linear estimations show an increasing trend for both the EU and Romania
data, with a similar annual growth rate of 0.682 and 0.6, respectively, being 12% bigger for
the EU. The quadratic estimations show a non-convex trend, with the turning point located
at about 2024 for the EU data and at 2014 for the Romania data.

The estimation of the autoregressive Equation (3) has the roots 0.936 < 1 and
0.792 < 1, respectively, showing stationarity towards the values RE_H&C_EU = 28.23 and
RE_H&C_RO = 26.49, respectively.

For model (4), the roots of the characteristic equation are 0.925 and –0.515 for the
RE_H&C_EU data, and 0.555 and 0.403 for the RO_EU data, with all of them being situated
inside the unit cycle. Hence, both the dynamical equations evolve towards stationary
points, namely, RE_H&C_EU = 26.67 and RE_H&C_RO = 25.87, respectively.
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To compare the quality of the fit of the four models for the analyzed data, we use
several regression coefficients, computed by EViews, given in Table 7.

Table 7. Regression statistical coefficients for models (1)–(4).

Model R2 SSR AIC Schwarz Crit. R2 SSR AIC Schwarz Crit.

RE_EU data RE_RO data

Equation (1) 0.982 2.997 1.413 1.509 0.825 23.428 3.469 3.566
Equation (2) 0.993 1.133 0.565 0.710 0.929 9.485 2.690 2.835
Equation (3) 0.987 1.749 0.956 1.050 0.883 12.382 2.913 3.007
Equation (4) 0.985 1.574 1.081 1.218 0.856 11.973 3.110 3.247

RE_E_EU data RE_E_RO data

Equation (1) 0.986 8.350 2.438 2.534 0.861 83.060 4.735 4.831
Equation (2) 0.986 7.976 2.517 2.662 0.865 80.636 4.830 4.975
Equation (3) 0.990 5.042 2.014 2.109 0.929 38.990 4.060 4.154
Equation (4) 0.989 4.569 2.147 2.284 0.947 27.010 3.924 4.061

RE_H&C_EU data RE_H&C_RO data

Equation (1) 0.968 5.205 1.965 2.061 0.616 76.435 4.652 4.748
Equation (2) 0.994 1.051 0.490 0.635 0.868 26.186 3.706 3.850
Equation (3) 0.982 2.248 1.206 1.301 0.803 30.153 3.803 3.897
Equation (4) 0.983 1.577 1.083 1.220 0.762 25.840 3.879 4.016

RE_T_EU data RE_T_RO data

Equation (1) 0.959 2.988 1.410 1.506 0.851 11.967 2.797 2.894
Equation (2) 0.961 2.813 1.475 1.620 0.888 8.952 2.632 2.777
Equation (3) 0.905 5.459 2.094 2.188 0.884 8.802 2.571 2.666
Equation (4) 0.903 4.299 2.086 2.223 0.883 8.370 2.752 2.889

Comparing the values for RE_EU in Table 7, we may conclude that the quadratic model
provides a better fit than the linear model, while model (3) is slightly better than model (4).
Similar computations are conducted for the shares of renewable energy consumption in
the considered three sectors of the final energy consumption.

For the variable RE_E_EU, the values of the regression coefficients lead to the conclu-
sion that models (1) and (2) offer almost similar estimations, while model (4) seems to give
the best estimation for RE_E_RO.

The quadratic model seems to provide a better estimation than the linear one, for the
variable RE_H&C, for both sets of data, while the autoregressive models and the regression
coefficients, given in Table 7, are comparable.

Finally, models (1) and (2) offer almost similar estimations for variable RE_T_EU,
being better than the autoregressive models in terms of the regression statistical coefficients,
while for RE_T_RO, these coefficients have comparable values for all the models.

As a general remark, for all the polynomial models, the probabilities attached to
the t-statistical test are lower than the significance level of 5% for most of the regression
coefficients, thus the estimated coefficients are statistically significant. The autoregressive
models have low probability values for the estimated coefficients, and, therefore, it is
accepted that, generally, these models are valid.

The determination ratio R2 has values around 90% (with two exceptions for RE_H&C_
RO), confirming the validity of the models.

In Table 8, the results of several statistic tests, performed in order to establish the
reliability of the autoregressive models, are reported.
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Table 8. Analysis of the models (3) and (4) reliability.

Equations * Mean F-Statistic Prob. F Durbin–Watson
Stat. Hom./Het. ** Jarque–Bera Test

Eq3_RE_EU −7.14 × 10−16 1.560 0.25 2.317453 Homoskedasticity 1.320 Valid
Eq3_RE_RO −2.75 × 10−15 1.514 0.2593 2.826845 Homoskedasticity 1.121 Valid

Eq3_RE_E_EU −1.42 × 10−15 0.532 0.6008 2.705982 Homoskedasticity 1.418 Valid
Eq3_RE_E_RO 6.37 × 10−16 5.686 0.0183 1.622676 Heteroskedasticity 2.328 Invalid

Eq3_RE_H&C_EU −3.80 × 10−15 1.432 0.278 2.535801 Homoskedasticity 1.887 Valid
Eq3_RE_H&C_RO −2.42 × 10−15 0.407 0.6748 2.277051 Homoskedasticity 0.147 Valid

Eq3_RE_T_EU −1.10 × 10−15 0.637 0.5457 1.747289 Homoskedasticity 18.825 Valid
Eq3_RE_T_RO −5.48 × 10−16 0.426 0.6627 1.974916 Homoskedasticity 1.332 Valid

Eq4_RE_EU −2.22 × 10−15 3.651334 0.0512 2.118778 Homoskedasticity 0.264 Valid
Eq4_RE_RO 4.98 × 10−15 2.118399 0.165 1.838103 Homoskedasticity 1.693 Valid

Eq4_RE_E_EU −5.55 × 10−15 0.725469 0.6234 1.844998 Homoskedasticity 1.046 Valid
Eq4_RE_E_RO −7.62 × 10−16 15.42919 0.0006 2.888537 Heteroskedasticity 0.351 Invalid

Eq4_RE_H&C_EU −6.98 × 10−16 7.065776 0.0083 2.514238 Heteroskedasticity 0.999 Invalid
Eq4_RE_H&C_RO −1.72 × 10−15 1.336026 0.3402 1.741859 Homoskedasticity 1.0989 Valid

Eq4_RE_T_EU 1.02 × 10−15 0.507328 0.7642 2.31411 Homoskedasticity 37.80523 Valid
Eq4_RE_T_RO 1.17 × 10−15 3.541118 0.0552 2.296185 Homoskedasticity 1.023848 Valid

Note: * Denotes significance Eq3-Equation (3); Eq4-Equation (4); ** Denotes significance-Homoskedasticity/Heteroskedasticity.

From Table 8, it follows that for all the models, the mean value of the residual variable
tends to accelerate to zero. The models pass the error autocorrelation tests, according to
Durbin–Watson statistic (DW around two), thus there is a positive serial correlation in all
the models.

The values of the Jarque–Berra test confirm the normal distribution of the residual
variable values. Next, applying the White test to test the homoskedasticity of the model,
the results in Table 8 show that the random errors are homoskedastic, as the probability
attached to the F-statistic is higher than 5%. In conclusion, the chosen models pass the
error autocorrelation tests.

In conclusion, apart from the three exceptions indicated in Table 8, the autoregressive
models are valid for the analyzed data.

5.2. Forecasting the Share of Renewable Energy Consumption by Sectors and Overall in Final
Energy Consumption

We use the regression models (1)–(4) to predict the evolution of the share of renewable
energy consumption by sectors, and, overall, in the final energy consumption for the
2030 horizon.

Using the empirical estimated equations for the share of renewable energy in the
final energy consumption, with the estimated coefficients given in Table 3, we obtain the
predicted values presented in Table 9.

Table 9. Prediction of share of RE in final energy consumption for EU and Romania, horizon 2030.

RE EU RE Romania

Model 2020 2025 2030 2020 2025 2030

Equation (1) 20.91 24.34 27.77 26.71 29.56 32.40
Equation (2) 19.98 21.43 21.97 24.19 21.60 16.54
Equation (3) 20.22 22.41 24.23 24.42 24.86 25.06
Equation (4) 20.11 22.12 23.68 24.40 24.61 24.68

In Figure 8 below, we represented the actual RE series for the period 2004–2019, the
linear and quadratic regression curves, and the curves corresponding to the autoregressive
estimated models for 2020–2030, for both the EU and Romania.
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Figure 8. Estimation and prediction of share of RE in final energy consumption for EU and Romania, horizon 2030, using the
linear regression (red line), quadratic regression (blue line), autoregressive model of order one (black line), autoregressive
model of order two (green line).

We may conclude that the predicted values of the share of renewable energy in the
final energy consumption obtained by the considered models (1)–(4) are very far from the
EU expected target of 30%. None of the four evolution scenarios for the share of renewable
energy in the final energy consumption at the EU level allow the 30% target to be achieved
by 2030. The closest scenario is the linear one, so, in order to reach the set target, the mean
annual growth rate of RE_EU should be greater than 0.7. At the Romania level, maintaining
the linear scenario, with a mean annual growth rate of RE_RO at about 0.56, should lead
to the achievement of the goal. In the other three scenarios, the evolution is far from the
desired goal.

For the share of renewable energy in electricity consumption and the empirical esti-
mated equations, with the coefficients given in Table 4, we obtain the predicted values in
Table 10.

Table 10. Prediction of share of RE in electricity consumption for EU and Romania, horizon 2030.

RE_E EU RE_E Romania

Model 2020 2025 2030 2020 2025 2030

Equation (1) 35.33 41.83 48.33 45.33 51.47 57.62
Equation (2) 35.74 43.13 50.93 46.38 54.79 64.24
Equation (3) 35.56 43.36 52.10 42.37 45.37 47.94
Equation (4) 35.59 42.80 50.37 41.56 40.79 40.43

The target set by the EU Directive [3], for the share of renewable energy consumption
in the final energy consumption in the electricity sector, is to reach 50% by 2030. At the
EU level, all four evolution scenarios for the share of renewable energy consumption in
electricity prefigures values close to the desired one. Thus, maintaining an annual growth
rate for RE_E_EU of 1.3 should achieve the target. For Romania, the four scenarios of
evolution are quite different. Nevertheless, following a scenario close to the linear one,
with a mean annual growth rate of about 1.2, should lead to the target being overpassed.

In Figure 9 below, we represented the actual RE_E series for the period 2004–2019, the
linear and quadratic regression curves, and the curves corresponding to the autoregressive
estimated models for 2020–2030, for both the EU and Romania.
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Figure 9. Estimation and prediction of share of RE in electricity consumption sector for EU and Romania, horizon 2030,
using the linear regression (red line), quadratic regression (blue line), autoregressive model of order one (black line),
autoregressive model of order two (green line).

Next, for the share of renewable energy in the final energy consumption in the trans-
port sector, the empirical estimated equations, with the coefficients given in Table 5, the
predicted values in Table 11 are obtained.

Table 11. Prediction of share of RE in transport sector for EU and Romania, horizon 2030.

RE_T EU RE_T Romania

Model 2020 2025 2030 2020 2025 2030

Equation (1) 9.18 11.45 13.72 7.64 9.88 12.12
Equation (2) 8.90 10.56 11.94 8.81 13.57 19.49
Equation (3) 9.16 10.21 10.98 8.39 11.36 14.85
Equation (4) 9.11 10.58 11.73 8.53 10.87 13.15

In Figure 10 below, we represented the actual RE_T series for the period 2004–2019, the
linear and quadratic regression curves, and the curves corresponding to the autoregressive
estimated models for 2020–2030, for both the EU and Romania.

Figure 10. Estimation and prediction of share of RE in transport sector for EU and Romania, horizon 2030, using the linear
regression (red line), quadratic regression (blue line), autoregressive model of order one (black line), autoregressive model
of order two (green line).
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For the share of renewable energy consumption in the final energy consumption in
the transport sector, the target set by the EU Directive [3] is to reach 14% by 2030. At the
EU level, following the linear scenario, maintaining an annual growth rate for RE_T_EU of
about 0.45 should lead close to the desired value. The other four evolution scenarios for the
share of renewable energy consumption in the final energy consumption in the transport
sector should lead to values between 11 and 12%.

For Romania, the linear and autoregressive model scenarios are closer to the target.
Thus, an annual growth rate for RE_T_EU of at least 0.45 is necessary, in order to reach the
14% goal.

Finally, for the share of renewable energy in the final energy consumption in the
heating and cooling sector, the empirical estimated equations, with the coefficients given in
Table 6, the predicted values are displayed in Table 12.

Table 12. Prediction of share of RE in heating and cooling sector for EU and Romania, horizon 2030.

RE_H&C EU RE_H&C Romania

Model 2020 2025 2030 2020 2025 2030

Equation (1) 23.40 26.81 30.22 29.02 32.02 35.02
Equation (2) 22.02 22.47 21.57 24.23 16.92 4.91
Equation (3) 22.17 23.68 24.64 25.89 26.30 26.43
Equation (4) 22.48 24.09 25.24 25.84 25.87 25.87

In Figure 11 below, we represented the RE_H&C series for the period 2004–2019, the
linear and quadratic regression curves, and the curves corresponding to the autoregressive
estimated models for 2020–2030, for both the EU and Romania.

Figure 11. Estimation and prediction of share of RE in transport sector for EU and Romania, horizon 2030, using the linear
regression (red line), quadratic regression (blue line), autoregressive model of order one (black line), autoregressive model
of order two (green line).

The target set for the share of renewable energy consumption in the final energy
consumption in the heating and cooling sector is 32% by 2030. At the EU level, all four
evolution scenarios for the share of renewable energy consumption in the final energy
consumption in the electricity sector are below this value, with the closer one being the
linear scenario again. Thus, maintaining an annual growth rate for RE_H&C_EU that
is above 0.68 should allow the target to be reached. For Romania, the four scenarios of
evolution are quite different. As in the transport case, following a scenario close to the
linear one, with a mean annual growth rate of about 0.6, should lead to the target being
overpassed.
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The results of the forecasts obtained from the estimates models are for all the indi-
cators at the EU level, below those established as targets by the EU. Compared to the
values prefigured in [68], the results forecasted by the models estimated in our paper are
way below.

For all the indicators, both at the EU and Romania level, maintaining an annual
growth rate close to the one given by the linear scenario should lead to the targets set in
EU Directive being achieved.

We may conclude that hypothesis H1 is partially validated.

6. Empiric Estimation of the Multilinear Regression Model

In this section, we aim to prove if hypothesis H2 is valid.
The analysis of model (7) involves firstly investigating the stationarity of the variables

and establishing the order of integration of the variables. Then, we will study the long-term
causal relationships and the direction of causality between the variables, using cointegration
tests, error correction models, and Granger causality tests.

Using the Dickey–Fuller test, the stationarity of the data series, the individual effects
option, and the automatic lag selection are verified, and the results of the LLC unit root
test, performed on each indicator, show that the null hypothesis of a common unit root
cannot be rejected, with these processes being largely non-stationary (Table 13).

Table 13. Unit root test—augmented Dickey–Fuller statistic test.

RE RE_E RE_T RE_H&C

EU RO EU RO EU RO EU RO

Level

t-Statistic −1.19 −1.64 0.81 −1.01 −0.70 0.31 −2.82 *** −1.91
Prob. * 0.65 0.44 0.99 0.72 0.82 0.97 0.08 0.32

Test
critical
values

1% level −3.96 −3.96 −3.96 −4.00 −4.00 −3.96 −4.00 −3.96
5% level −3.08 −3.08 −3.08 −3.10 −3.10 −3.08 −3.10 −3.08

10% level −2.68 −2.68 −2.68 −2.69 −2.69 −2.68 −2.69 −2.68

First Difference

t-Statistic −3.82 ** −3.03 *** −2.81 *** −1.97 −5.68 * −3.01 *** −4.13 * −2.72 ***
Prob. * 0.01 0.06 0.08 0.29 0.00 0.06 0.01 0.09

Test
critical
values

1% level −4.00 −4.00 −4.00 −4.00 −4.00 −4.06 −4.00 −4.00
5% level −3.10 −3.10 −3.10 −3.10 −3.1 −3.12 −3.10 −3.10

10% level −2.69 −2.69 −2.69 −2.69 −2.69 −2.70 −2.69 −2.69

Note: * Denotes significance at 10% level, ** denotes significance at 5% level, *** denotes significance at 1% level.

The degree of correlation between the variables is analyzed, and it is found that it is
very high (close to one) (Table 14).

Table 14. The degree of correlation between variables.

Covariance Correlation
Probability RE_EU RE_E_EU RE_H&C_EU RE_T_EU

RE_EU 10.20344
1.000000

—–

RE_E_EU 19.04310 36.43505
0.987654 1.000000

0.0000 —–

RE_H&C_EU 10.18221 18.82907 10.22155
0.997035 0.975688 1.000000

0.0000 0.0000 —–

RE_T_EU 6.693528 12.40327 6.677785 4.550670
0.982300 0.963250 0.979121 1.000000

0.0000 0.0000 0.0000 —–
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Johansen [70] showed that a linear combination of two or more non-stationary time
series can be a stationary series. If there is a linear combination, it can be said that the
non-stationary component series are cointegrated. The stationary linear combination
(cointegration equation) is interpreted as a long-term equilibrium relationship between the
variables. In order to determine whether the non-stationary series are cointegrated or not,
the Johansen cointegration test was applied (Table 15).

Table 15. Johansen cointegration test.

Sample (Adjusted): 2006–2019
Included Observations: 14 after Adjustments

Lags Interval (in First Differences): 1 to 1
Unrestricted Cointegration Rank Test (Trace)

Hypothesized Trace 0.05
Series: RE RE_E RE_H&C_EU RE_T

No. of CE(s)

European Union Romania

Eigen
Value Statistic Critical

Value Prob. ** Eigen
Value Statistic Critical

Value Prob. **

None * 0.920 82.356 47.856 0 0.937 93.574 47.856 0
At most 1 * 0.909 46.992 29.797 0.0002 0.892 54.865 29.797 0
At most 2 0.611 13.512 15.495 0.0973 0.778 23.769 15.495 0.0023
At most 3 0.020 0.282 3.842 0.5957 0.175 2.692 3.841 0.1008

Note: trace test indicates two cointegrating eqs. at the 0.05 level. * denotes rejection of the hypothesis at the 0.05
level. ** MacKinnon–Haug–Michelis (1999) p-values.

The test hypotheses are as follows:

Hypothesis 0 (H0). Variables are not cointegrated.

Hypothesis 1 (H1). Variables are cointegrated.

The variable cointegration testing for each cross section with the Johansen test indicates
the existence of a cointegration relationship between the variables, at the significance level
of 0.05% (prob. ** < 0.05; the null hypothesis is rejected and the H1 hypothesis is accepted,
so the series are cointegrated). In conclusion, the analyzed indicators, both for the EU-27
and for Romania, are integrated by cointegration equations, resulting in stationary series.

The existence of long-term equilibrium relations between the variables implies that
between the studied variables, there is a Granger causality in at least one direction. In
Table 16, we present the results of the Granger causality test, between all the pairs formed
by the four variables, using an option with two lags.

Table 16. Pairwise Granger causality tests.

Null Hypothesis:
European Union Romania

F-Stat. Prob. Concl. F-Stat. Prob. Concl.

RE_E does not Granger Cause RE 2.075 0.182 Reject 0.683 0.530 Reject
RE does not Granger Cause RE_E 1.998 0.191 Reject 0.89 0.444 Reject

RE_H&C does not Granger Cause RE 0.436 0.670 Reject 0.029 0.971 Reject
RE does not Granger Cause RE_H&C 0.024 0.977 Reject 0.047 0.955 Reject

RE_T does not Granger Cause RE 0.604 0.567 Reject 0.52 0.612 Reject
RE does not Granger Cause RE_T 0.758 0.496 Reject 6.76 0.016 Accept

At the EU-27 level, there is no Granger causality between the pairs of indicators (with
one exception). The causal relationship between the groups of indicators shows that the
null hypotheses will be accepted, as the errors assumed by rejecting the null hypothesis are
very large.

The null hypotheses of Granger causality are accepted in Romania for most pairs of
indicators, which means that there is no causality in any sense. There is one-way Granger



Sustainability 2021, 13, 10327 23 of 30

causality between RE and RE_T, and RE_E and RE_T, according to the test results, namely,
RE_T caused Granger causality by RE and RE_E, but not vice versa.

We continue with the verification of the validity of the model (cointegration equation),
by applying the White test to observe whether the random errors are homoscedastic or not.
The test applies to the following hypotheses (Table 17):

Hypothesis 0 (H0). There is homoskedasticity.

Hypothesis 1 (H1). There is heteroskedasticity.

Table 17. White heteroskedasticity test.

EU_27 RO EU_27 RO

F-statistic 0.824383 0.421350 Prob. F (9,6) 0.6188 0.8824
Obs * R-squared 8.846201 6.196231 Prob. Chi-Square (9) 0.4516 0.7201

Scaled explained SS 3.840563 1.374437 Prob. Chi-Square (9) 0.9216 0.9980

As the prob. is greater than 0.05, hypothesis H0 is accepted and H1 is rejected, meaning
that there is homoscedasticity between the variables, and thus the chosen model is valid,
and the variance of the model, in relation to the explanatory variables, remains constant.

The F-statistic values proposed for the EU and RO are F = 4014.8 and 1158.6, respec-
tively, with a probability of zero; therefore, it is accepted that the overall multiple linear
regression model is valid (Table 18). The model passes the error autocorrelation tests,
according to the Durbin–Watson value (DW = 1.7).

Table 18. Regression coefficients for Equation (5).

R-Squared F-Statistic Prob
(F-Statistic)

Durbin–
Watson Stat

EU 0.999005 4014.834 0 1.698986
RO 0.996559 1158.597 0 1.709706

The determination ratio of almost one (R2 over 99%) shows the percentage by which
the influence of significant factors is explained (Table 18). Respectively, over 99% of the
variation in RE is explained by the variation in the variables RE_E, RE_H&C, and RE_T.

The equation analysis is as follows (Table 19):

• At a 1% increase in RE_E, RE at the EU-27 level increases by 0.155778%, and by
0.188085% at the Romania level, given that the other variables remain constant;

• At a 1% increase in RE_T, RE increases at the EU-27 level by 0.13577%, and by 0.03255%
at the Romania level, given that the other variables remain constant;

• At a 1% increase in RE_H&C, RE increases at the EU-27 level by 0.620493%, and by
0.543352% at the Romanian level, given that the other variables remain constant.

Table 19. Estimations of Equation (5) for EU and RO data.

Dependent Variable: RE
Method: Least Squares

Sample: 2004–2019
Included Observations: 16

Variable
European Union Romania

Coeff. Std.Err. t-Stat. Prob. Coeff. Std.Err. t-Stat. Prob.

C −0.35498 0.457132 −0.77654 0.4525 2.200638 0.542565 4.055989 0.0016
RE_E 0.155778 0.022347 6.970751 0 0.188085 0.023492 8.006408 0
RE_T 0.135770 0.068176 1.99148 0.0697 0.032550 0.057372 0.567359 0.5809

RE_H&C 0.620493 0.055751 11.12967 0 0.543352 0.019301 28.15131 0
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Therefore, a positive evolution of the three variables contributes to the increase in the
share of renewable energy consumption in the final energy consumption, with the largest
contribution being made by the heating and cooling sector. The same conclusion emerged
from the analysis of Granger causality, which has the largest share of energy consumption
in the final energy consumption in the H&C sector.

The results of the empirical estimations also led to the conclusion that not all the
sectors of final energy consumption have an equal contribution to the share of renewable
energy consumption in the final energy consumption, with the contribution of the heating
and cooling sector being significantly bigger. Thus, hypothesis H2 is not true.

7. Discussions and Conclusions

This work is motivated by the European Directive [3], which states the necessity
to increase the consumption of renewable energy, such that its share in the final energy
consumption in EU countries will reach the target of 32% by 2030. In this sense, we analyzed
the evolution, and then the medium- and long-term trend of the share of renewable energy
consumption in the final energy consumption, both at the general level and on the main
components, at the level of the European Union and Romania. This is a novelty in the field,
because most authors have only focused their studies on a certain sector, or in general.

The study was developed in the following four directions: (1) comparative analysis
of the evolution of the indicators for the period 2004–2019 for Romania and the EU;
(2) empirical estimation of the evolution of the indicators, using time regression and
autoregressive models; (3) forecasting the share of renewable energy consumption in
the final energy consumption, and by main sectors; and (4) empirical analysis of the
interdependence between the indicators.

The comparative analysis of the evolution of the indicators in the analyzed period,
both globally and for the three considered sectors, showed that the share of renewable
energy consumption in the final energy consumption in Romania is higher than in the
EU-27 (except for the transport sector).

The share of renewable energy consumption in the final energy consumption at the
EU-27 level shows a permanent increase globally, unlike Romania, where the trend of the
global share of renewable energy consumption in the final energy consumption, in recent
years, has been steadily decreasing, but has remained above the EU-27 trend.

Regarding the consumption of renewable energy by sectors, the trend is increasing in
all sectors, both at the EU-27 and Romania level, but it varies significantly by sector.

Overall, the shares of renewable energy in the final energy consumption in the elec-
tricity sector, as well as the heating and cooling sectors, have been above the indicative
trajectories for achieving the targets set by the EU.

The four estimated models provide possible evolution scenarios for the considered
indicators. We found that maintaining annual growth rates close to those provided by the
linear model, for each of the indicators, would lead to values close to those desired for the
2030 horizon, validating hypothesis H1. Thus, the following points apply:

• For the RE indicator, the hypothesis is not verified for any of the scenarios proposed
at the EU level; to reach the target, an annual increase of more than 0.7 should
be necessary. For Romania, the hypothesis is only verified according to the first
scenario; thus, maintaining an annual increase of approximately 0.57 should lead to
the desired value;

• For RE_E, the hypothesis is verified for all the proposed scenarios, for both the EU
and Romania;

• In what concerns the RE_T indicator for the EU, the hypothesis is only verified by
the first scenarios, according to which an annual increase of at least 0.45 should be
necessary, while for Romania, H1 is not valid for all the analyzed scenarios;

• Finally, for the RE_H&C indicator, hypothesis H1 is validated by the first scenario,
both for the EU and Romania, by maintaining annual increases of at least 0.68 and 0.6,
respectively.
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Demonstrating the existence of long-term equilibrium relationships between RE and
other indicators involved several stages of statistical analysis and computation. The results
of the empirical estimations led to the conclusion that a positive evolution of RE_E, RE_T,
and RE_H&C contributes to the increase in the share of renewable energy consumption in
the final energy consumption. The extent to which the renewable energy consumption of
each sector contributes to the share of renewable energy consumption in the final energy
consumption is also determined, finding that the largest contribution is from renewable
energy consumption in the H&C sector, invalidating hypothesis H2.

Renewable energy consumption is of major importance for the European Union,
because environmental policies aim to achieve a cleaner environment, a better future for
community members, as well as increasing independence and energy security.

In response to legislative and regulatory pressures to increase the consumption of
renewable resources, as an alternative to traditional fuels, similarly to other European
countries, Romania has already begun to change its energy business models.

According to the results of the forecasts made for the analyzed indicators, we found
that both the EU and Romania could reach the percentages set in the EU Directive for 2030,
provided that they make a sustained effort and adopt efficient energy policies, stimulating
the consumption of renewable energy in all the sectors, but especially in the H&C and
transport sectors. In this sense, the results of this study support the motivation to establish
measures by Romanian decision makers, in order to achieve the set objectives [66].

Unfortunately, we did not find studies regarding the analysis of the share of renewable
energy consumption by sectors in EU countries, to compare to the results obtained in
our research.

As a result of the research being conducted in this study, we may conclude that
the models estimated based on the available data (2004–2019) led to forecasts that might
constitute possible scenarios to follow, in order to achieve the targets set by EU Directives,
both for the EU and the EU countries.

These results may also constitute premises for conducting studies in this field.
We intend to improve the scenarios presented in this study in subsequent work, and

eventually to design others that can provide better accuracy to the forecasts.
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Appendix A

Figure A1. Estimation of renewable energy consumption share in final energy consumption in the
electricity sector by the linear and quadratic regression method, for EU and Romania data.

Figure A2. Estimation of renewable energy consumption share in final energy consumption in the
transport sector by the linear and quadratic regression method, for EU and Romania data.
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Figure A3. Estimation of renewable energy consumption share in final energy consumption in the
heating and cooling sector by the linear and quadratic regression method, for EU and Romania data.
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